Abstract. Pump shafts are generally exposed to the liquid being pumped either on a continual basis or at certain locations along the length of the shaft. The shaft material is austenitic stainless steel, description ASTM AU 79 TY 316. The purpose of this study is to determine the failure of the water pump shaft used in the power plant. Metallography is the study of structure metal shaft can used as a means for CWP metal pelleting (Circulating Water Pump), for the purpose of damaged or deeply degraded areas. SEM test is used to know the beginning of the crack (crack initiation). EDS test is used to chemical composition and Vikers hardness test is also used to know the hardness material. These three tests to support in analyzing the failure of the pump shaft. The conclusion of this failure analysis is the shaft material has porosity. Fatigue cracking comes from the outer surface area.
Introduction
Pump shafts are generally exposed to the liquid being pumped either on a continual basis or at certain locations along the length of the shaft [1] . During operation, the pump shaft usually occurs degradation due to corrosion and or mechanical degradation, usually in the form of fatigue failure. In many cases corrosion precedes fatigue failure and can actually accelerate the rate of failure [1] . Probably the most common cause of failure on pump shafts is fatigue [1] .
Fatigue failures on centrifugal shafts are most commonly of the rotating-bending type. Schematic diagrams of the various fractures, which can be expected from rotating bending conditions, are presented in Fig. 1[2] . Fig. 1(a) and (c) illustrate the expected appearance of the fracture surface from a single origin under moderate and high degree of stress concentration while Fig. 1(b) and (d), describes the appearance of fracture surfaces and experiences moderate and high stress concentrations.
Stress concentration sites on shafts where fatigue cracks may initiate are illustrated in Fig. 2 [22] . The most common areas of crack initiation are at the stress concentrations occurring at the keyway root radius and sharp changes in cross-sectional area of the shaft and is referred to as a stress concentration factor [3] . Stress concentrations serve to reduce, the fatigue strength of the component [4] . Thus, the presence of stress concentrators decreases the allowable stress on the shaft at that point, making it more susceptible to fatigue. Stainless steels on the other hand have an endurance limit ie. The material is design to be use for 8 years but is actually after 12 months usage failure.
By means of visual inspection, it was easy to find that most of the fractures occurred on the weld joints rather than the base materials, material property, manufacturing technology, equipment operation, service environment, routine maintenance or other factors, which were the main causes for inducing these abnormal fractures, were urgently investigated.
Consequently, a comprehensive failure analysis including a variety of characterization methods was conducted to identify the root cause based on our previous failure analysis experiences [5] [6] [7] [8] [9] [10] [11] [12] [13] .
Actually, many researchers have focused on the properties of decision suport system, such as its fatigue behavior, welding property, corrosion resistance [14] [15] [16] [17] [18] [19] [20] . This study investigated the failure analysis of a rotating shaft of a circulating water pump injection, located in an power plan. 
Materials and methodes
This rotating shaft failure in service under normal operating conditions of the injection pump during the pumping of brackish water wells for power plan. It is known that water in the operatingn component does not contain a significant amount of hydrogen sulfide (H2S) generated during the decomposition of seaweed. The shaft material is an austenitic stainless steel, classification ASTM AU 79 TY 316, supplied in forged condition. In the region of fracture of the shaft. Vickers hardness measurements on the HV were taken in twenty different positions in the cross-section of the shaft in a parallel plane close to the fracture of the part, according to standard.
Metallographic polished surfaces, corresponding to the upper shaft and shaft fracture, were observed with chemical attack in an optical microscope. The microstructure of the material was analyzed via scanning electron microscopy (SEM) to determine its phases.
The microstructure of the shaft material was analysed by optical microscopes. The composition of the shaft material was determined by using a standard spectrometer analyser.
Result and discussion

Visual examination
Visual examination of the failed end gave the appearance that the shafts of CWP failed by fatigue. A macroscopic view of the failed region of shaft is shown in Fig.3 . Signs of smearing and distortion at the key edge were observed.
Areas of damage to the CWP shaft as fatigue failure. Crack propagation begins from an intergranular perlite gap in the yellow arrow. Dynamic layout is displayed on the blue arrow and the red arrow. Static cracking is a very quick propagation in green arrows. The area of damage to the shaft is shown Figure 3 . 
Chemical composition
The shaft material is an austenitic stainless steel, classification ASTM AU 79 TY 316 stainless steel enhanced with an addition of 2.5 % Molybdenum, to provide superior corrosion resistance to type 304 stainless steel. 79 TY 316 has improved pitting corrosion resistance and has excellent resistance to sulphates, phosphates and other salts. 79 TY 316 has better resistance than standard 18/8 types to sea water, reducing acids and solution of 
Hardness test
Regarding the hardness test, the top axle has a constant HV value and the failure shaft has a very high HV value. Hardness value of the upper shaft and failure shaft are provided in Fig  4 and Fig 5. From the results of hardness testing (HV) obtained a very high abrasion hardness value this proves that the broken shaft fails because of the residual stress on the material. The residual stress causes the axis to be broken suddenly (unexpectedly). 
Metallography analysis
Metallographic test can be explained about microstructure type 316 with description description that type 316 is austenitic stainless steel chromiumnickel containing molybdenum. Type 79 TY 316 is an extra-low type 79 TY 316 carbon version that minimizes the precipitation of harmful carbides. With the influence of heat and rapid cooling rate, the pearlite structure is formed. Figure 6 shows the microstructure of upper shaft and failure shaft. The failure shaft formed has new pearlite, its means that the failure shaft more hardness than the upper shaft.
(a).
(b). 
Fractography
Scanning Electron Microscopy (SEM) is used to fractographic examination. The result of the SEM test we can see the area that became the initial reference of the beginning of the crack. The brittle fracture experienced by the failure shaft can be explained by the contour of a SEM photo marked by a circle, looking very rough because the area has a brittle and high hardness. Figure 7 shows the result SEM in initial crack. 
Conclusion
Chemical composition is almost no change between the shaft failure with a broken shaft. From the composition test, it can be concluded that both shafts include austenite stainless steel type with type AU 79 TY 316. The results of hardness testing on failure shafts tend to be higher than the upper shaft, this may explain that with high hardness levels resulted in rapid crack propagation rates compared with low levels of hardness. On metalography test the influence of heat and the cooling rate are the pearlite structure was formed. With the emergence of the pearlite structure, the properties of the material become hard and brittle. In the SEM test result is the observation reference area is the area experiencing brittle fracture. This can be explained by the contours on the SEM photo looks very rough because the area has a brittle nature and has a high hardness.
